Fatty acid compositions of rainbow trout Oncorhynchus mykiss (Walbaum, 1792) was determined during embryogenesis, yolk-sac fry, swim up fry and fry stages. Embryonic and yolk-sac development of fertilized eggs were followed until fry weighed 25 g and samples were taken from each stage to analyse fatty acid composition. Analyses of fatty acid composition were performed by gas chromatography mass spectrometry. Throughout all the developmental stages of O. mykiss important changes, such as an increase in the percentage of 18:2, 18:3 and 20:5 and as a decrease in the percentage of 14:0, 16:2, 20:0, 20:2, 20:3, 20:4 and 22:0 were observed in the amounts of fatty acid of developing eggs. During transition from the embryonic to the yolk-sac stage, an important increase in 20:0, 20:3, 20:5, 22:0 and a decrease in 18:3, 22:1 was determined between 45-day old embryo and yolk-sac fry. During transition from the 43 day yolk-sac stage to swim up stage, a decrease in the percentage of 18:0, 20:2 and an increase in the percentage of 14:0, 16:2, 18:2, 18:3 was seen. In all the observed stages, no qualitative but significant quantitative variations were determined in the fatty acid composition of O. mykiss. It may be concluded that 14:0, 16:0, 16:1, 18:0, 18:1 18, 20 and 22 polyunsaturated fatty acids are necessary for normal development of O. mykiss during their life stages.
Introduction
Fish lipids are generally characterized by the presence of large quantities of polyunsaturated fatty acids (PU-FAs) . This is true of the lipids translocated to and deposited in maturing eggs (Tocher et al., 1985) . During embryogenesis and larval development of most fish species, growth and energy provision depends on endogenous yolk reserves transferred by broodstocks. Larval growth and survival depend on the availability of exogenous food in sufficient quantity and of adequate quality after yolk resorption (Springate & Bromage, 1984; Abi-Ayad et al., 2000) .
Yolk is known to be ideally suited to meet the embryo's requirements. Its constituent lipid and PUFAs stores are an important factor for embryo development and further larval survival (Eldridge et al., 1983; Fraser et al., 1987) . Fatty acids from the yolk reserve provide both an energy source and structural components for developing fish embryos and larvae. During development, some fatty acids are preferentially catab-olized, while others are preferentially incorporated into structural lipid in larval tissues. Preferential retention of docosahexaenoic acid (22:6ω3) during development has been demonstrated in salmonids (Wiegand et al., 1991) . PUFAs are considered as structural components during organogenesis (muscles, brain, retina, etc.) and precursors of physiologically active molecules, such as prostaglandins and other eicosanoids. These fatty acids play an important structural role as components of phospholipids in fish biomembranes and are associated with the membrane fluidity and correct physiological functions for bound membrane enzymes and cell functions in fish (Bell & Tocher, 1989; Bell et al., 1992; Sargent, 1995; Izquierdo et al., 2000; Gunasekera et al., 2001) .
Fish and other aquatic products play an important role in human nutrition. In order to get sufficient benefit from fish and fish products, it is important to investigate their nutritional value. It is also beneficial to know the feeding and biochemical features of fish to be used as a source of nutrition and to be cultivated for present and future food production. O. mykiss is rare and remarkably consumed in Turkey. This study was therefore aimed to determine the changes in fatty acid composition of fertilized eggs throughout embryogenesis and all developmental stages of Oncorhynchus mykiss (Walbaum, 1792).
Material and methods

Fish and sampling
This study was carried out at a local and commercial fish farm in Sivas, Turkey. Eggs and sperm samples were obtained from three females and males aged 4 and 3 years, respectively, on 18 December 2000. Mature O. mykiss were artificially spawned in the farm and fertilized by conventional procedures and immediately transported to the hatchery. The oxygen, pH and the temperature of the water in the pools used throughout the experiment were measured periodically (3 measurements per month) from December 2000 to November 2001. The temperature, oxygen level and the pH values of the water varied between 9 and 13.5 • C, 6.7 and 8.8 mg/L, 7 and 7.5 respectively. Fry were transported to the main pool after May, 2001.
After one day post fertilization and every 15 days (days 15, 30 and 45 post fertilization) until hatching, samples of fertilized eggs were taken. Eyed eggs were determined on 30 th day of embryonic development. Eggs hatched after 45 th day of embryonic development and yolk-sacs were absorbed 43 days later. Samples of yolk-sac fry were taken at 15, 21, 36 and 43 days. Swim up fry were fed on commercial diets and samples of them were taken at regular intervals until reaching 25 g fry (0.5, 1.5, 2.5, 5, 10, 25 g). One g samples of commercial diet 1 (0.5 µ), diet 2 (1.2 µ), diet 3 (granule 2) and diet 4 (granule 4), used in feeding of fry, were also taken for analyses. All samples were taken as 1g × 3 (all samples were taken as 1g of 3 repetition) and immediately placed in chloroform-methanol (2:1, v/v) and stored at −20 • C until analyses.
Lipid extraction and fatty acid analyses
The extraction procedures of FOLCH et al. (1957), and BLIGHT & DYER (1959) were uuse to extract the lipids from the weighed samples. The formation of fatty acid methyl esters (FAMEs) was carried out according to the procedures of MOSS et al. (1974) . Total lipids extracted from the samples were saponified with methanolic sodium hydroxide, the fatty acids esterified with BF3-methanol and FAME extracted with hexane-chloroform (4:1, v/v). The sample was protected from air by a nitrogen atmosphere whenever possible. FAMEs were stored under nitrogen in a refrigerator until analysed.
FAMEs were analysed with a Shimadzu GCMS-QP5000 gas chromatograph mass spectrometry. At each time 1 µL sample was chromatographed on a capillary column (30 m × 0.25 mm i.d.) packed with 100% dimethylpolysiloxane. Helium was used as the carrier gas. The GCMS oven was operated at initial temperature with 100 • C and was kept for 3 min. The oven was programmed to rise to 140 • C at a rate of 5 • C min −1 and was kept for 1 min, then programmed to 200 • C at a rate of 2 • C min −1 and was kept for 1 min. It reached the final temperature of 250 • C at a rate of 2 • C min −1 and the final temperature was maintained for 10 min. Hexane-chloroform (4:1, v/v) was used as the solvent. Separated individual FAMEs were identified by comparison with known standards and quantified by percent values obtained from computer linked to the gas chromatograph.
Data were subjected to analysis of variance (SCENE-DOR & COCHRAN, 1967) and a multiple range test (DUN- CAN, 1955) . Differences between means were reported as significant if p < 0.05.
Results
Embryogenesis
During embryogenesis, from fertilized eggs to 45-day old embryo, an increase in the percentage of 18:2, 18:3 and 20:5 fatty acids and a decrease in the percentage of 14:0, 16:2, 20:0, 20:2, 20:3, 20:4 and 22:0 of developing eggs was found to be important (Table 1) . Although no significant increases from fertilized eggs to 45-day old embryo in the percentages of 22:6 fatty acid were seen, the percentage of this fatty acid in this embryo was determined to be high. Throughout the embryonic stages, the percentages of total saturated fatty acid (SFA), total monounsaturated fatty acid (MUFA) and total PUFA did not vary significantly. However, while the percentages of total MUFA showed some decrease, the percentages of total PUFA showed some increase with fertilization until day 0 yolk-sac fry.
During transition from embryonic stage to day 0 yolk-sac fry, a decrease in 18:3, 22:1 and an increase in 20:0, 20:3, 20:5, 22:0 was observed between 45-day old embryo and yolk-sac fry. While a decrease in 18:1, 18:2, 20:1, 20:4 and an increase in 20:2, 22:5, 22:6 was observed between 45-day old embryo and yolk-sac fry, there were no important changes in the amounts of these fatty acids between these stages. In contrast to embryogenesis, 0 day yolk-sac fry exhibited a high content of PUFA. Although no significant differences between 45-day old embryo and yolk-sac-fry in the percentages of total SFA, total MUFA and total PUFA were seen, the percentages of total SFA and total PUFA in yolk-sac fry and the percentage of total MUFA in 45day old embryos was determined to be high.
Yolk-sac fry and swim up fry
The fatty acid composition of the sac-fry underwent noticeable changes during development. An important decrease in the percentages of 16:1, 18:2, 20:2, 20:3 and an important increase in the percentages of 12:0, 18:3, 20:4, 22:6 was seen throughout the yolk-sac stages (Table 2). It was noticed that a marked change occurred during transition from 43 rd day yolk-sac fry to swim up fry. A decrease in the percentage of 18:0, 20:2 and an increase in the percentage of 14:0, 16:2, 18:2, 18:3 was observed.
While a decrease in the percentage of total SFA occurred, an increase in the percentage of total PUFA was determined in swim up fry. There were no impor- Fatty acids 0.5 g fry 1.5 g fry 2.5 g fry 5 g fry 10 g fry 25 g fry 12:0 0.07 ± 0.00a 0.09 ± 0.01ac 0.07 ± 0.00a 0.11 ± 0.02c 0.09 ± 0.00ac 0.16 ± 0.00b 14:0 5.72 ± 0.00a 6.19 ± 0.08a 6.14 ± 0.09a 6.08 ± 0.03a 6.79 ± 0.06a 6.51 ± 0.06a 14:1 0.05 ± 0.00ad 0.04 ± 0.00cd 0.03 ± 0.00c 0.04 ± 0.02cd 0.03 ± 0.00ac 0.05 ± 0.01d 15:0 0.73 ± 0.04b 0.60 ± 0.02ab 0.52 ± 0.01a 0.64 ± 0.03ab 0.56 ± 0.02a 0.71 ± 0.04b 15:1 0.08 ± 0.01ab 0.11 ± 0.01a 0.08 ± 0.01bd 0.01 ± 0.00c 0.05 ± 0.01d 0.10 ± 0. tant changes in the percentage of total MUFA in these fry.
Fed fry
Fry completed the developmental yolk-sac stage by absorbing the yolk-sac and reached the swim up stage fed by diet 1 until mean weight of 0.5 g, 0.5 g fry fed by diet 2 until mean weight of 1.5 g and these fry fed by diet 3 until mean weight of 2.5 and 5 g. The weight of 5 g fry fed by diet 4 until reaching mean weight of 10 g and 25 g (Tables 3, 4) . No qualitative variation was determined between the fatty acid composition of O. mykiss fry (0.5-25 g) and their diets. The percentages of 14:0 and 16:0 found in diet 1 were determined to be higher than the percentages of 14:0 and 16:0 found in the 0.5 g fry. While the amount of 16:0 in diet 2 was low, an increase in the amount of 16:0 in fry (1.5 g) fed on this diet was observed. The percentage of 16:0, which had the highest percentage of SFA, in diet 3 and diet 4 was found to be similar with the percentage of fry (1.5-25 g) fed on these diets. No difference could be determined between the amounts of C18:0 in diet 1 and diet 2. However, this fatty acid showed an important increase in fry fed on diet 1 and diet 2. While the amounts of 14:0, 15:0, 17:0, 18:0 and 20:0 acids in diet 3 and diet 4 were higher than the amounts found in fry, there were no important changes in the amounts of these fatty acids in fry.
Among fatty acids of fry in the late developmental stage, 18:1 had the highest percentage, but the amounts of this fatty acid in diets were found to be low with respect to the amounts found in the fry. 16:1 showed an important increase in 0.5 and 1.5 g fed fry in comparison to the fry, which first absorbed their sac. Although 16:1 in 2.5 and 5 g fry fed on diet 3 did not show any changes, it showed an important decrease in 10 and 25 g fry fed on diet 4.
Although the percentage of 18:2 was found to be high in diets, this was not reflected in the fry. However, an important increase was observed in the 0.5 g and 1.5 g fry compared to the beginning of the late developmental stage. There was a high increase in 2.5 g and 10 g fry, however, the 5 g and 25 g fry showed no change. The percentages of 18:3 in the diets were higher than in the fry. An increase in 18:3, which had a low percentage in the early development stage, was noticed when the fry started to feed (Tables 2, 4). While 18:3 did not show an important increase in fry ranging from 1.5 g to 10 g in weight, a significant rise was noticed in 25 g fry.
In the fry fed until 25 g with 20:2, 20:3 and 20:4 PUFAs with 20 carbons, which were present in low amounts in the diets, an important decrease was observed. The amount of 20:5 was found to be higher in the diets than in the fry. 22:5, which occurs in low amounts in the diets, was found to have a higher percentage in the fry. 22:6, which has the highest percentage of 22 carbon long chain unsaturated fatty acid, was found to have a higher level in the fry. However, while this acid showed a significant decrease in the 0.5 g fry, an important increase was shown in the 1.5 g to 25 g fry. The most important increase of 22:6 occurred in the fry fed on diet 4.
Discussion
Some fatty acids (14:0, 14:1, 16:0, 16:1, 18:0, 18:1, 20:1, 20:3, 20:4) were fairly stable throughout the 15 th , 30 th and 45 th day embryonic stages. However, in the period between the fertilization of eggs until hatching, an increase in the amount of 20:5 and 22:6 (Table 1) was determined. This is in agreement with the results of Knox et al. (1988) and Fraser et al. (1988) . In the time period between 45-day old embryo and yolk-sac fry, there was an important decrease in 18:3 and 22:1 acids and an important increase in 20:0, 20:3, 20:5 and 22:0 acids. This increase is possibly a result of the bioconversion of essential fatty acids (EFAs) and shows that the important changes in the fatty acid metabolism occur during this transition stage.
In fry with sacs, the percentages of SFA and PU-FAs were found to be high and also the percentages of MUFAs were high in 45-day old embryos (Table 1) . These data support the idea that fatty acids in eggs are used as a source of energy and structural components in developing fish embryos and yolk-sac fry. In the early development stage, the oxidation of fatty acids occurs at different rates. SFA and MUFA are oxidized at a much faster rate than PUFA (20:4ω6 and 22:6ω3). This could be a reason why PUFA is transferred to swim up fry (Wiegand et al., 1991; Wiegand, 1996) .
During the 15 th , 21 st , 36 th and 43 rd day sac stages, an important change in 14:0, 16:0, 18:0, 18:1, 20:1 and 20:5 was not seen. However, while 18:2 decreased, a significant increase in 22:6 was similar to that found by Hayes et al. (1973) and Atchison (1975) . They pointed out that 22:6 is the key compound, especially for phospholipids. 22:6 was characteristic of the fry and increased with development (Abi-Ayad et al., 2000) .
In the transition between the 43-day old yolk-sac stage and the sac-absorption swim up stage, while a decrease in the percentage of total SFA occurred, an increase in the percentage of total PUFA was determined in swim up fry (Table 2) . These results support the idea that SFA is oxidized more quickly than PUFA and this fatty acid is more effective for swim up fry (Tocher et al., 1985; Abi-Ayad et al., 2000; Gunasekera et al., 2001) .
The percentages of 14:0 and 16:0 fatty acids in diet 1 were observed to be high in fry, which had reached 0.5 g in weight. Although 16:0 levels were low in diet 2, the fry fed on this diet (1.5 g fry) showed an increase in percentage. 18:1, while low in the diet, showed a higher level in the fry. This situation seen in the diets and the developing fry (Tables 3, 4) , whether there was suffi-cient food or not, shows that 18:0, which was formed by chain-elongation reaction from 16:0 in these fish, can be transformed into MUFA 18:1 (Farkas et al., 1977; Mourente et al., 2002) .
Although the levels of EFA 18:2 and 18:3 were high in the diets, this was not reflected in the fish, which fed on them. From this situation it can be deduced that fry could not synthesize these but stored as much of these fatty acids as needed from their diets. 18:2 and 18:3 are EFAs, which cannot be synthesized in the tissues of fish and are taken in the diet. When PUFAs, such as 20:5, 22:5 and 22:6, are not present in the diet, the fish synthesize these fatty acids from 18:2 and 18:3 in their tissues as a result of chain desaturation/elongation reactions. Fish can also obtain these fatty acids from phytoplankton, which are the first level in the food chain (Sellner & Hazel, 1982; Sargent et al., 1995) .
After the embryo development and yolk-sac development stages, for theO. mykiss who were fed for the duration of the fry development stage (between 0.5 and 25 g), the level of 20:5 in the diet was found to be higher than in the fed fish, while the levels of 22:5 and 22:6 in the diet were found to be significantly lower than in the fishes that were fed this diet (Tables 3, 4) . This situation shows that from EFAs, PUFAs, which are found in low percentages in the diets and which are needed by O. mykiss depending on water temperature, can be synthesized through biosynthesis. Our results support several studies, which have stated that when long-chain PUFAs (20:3, 20:5, 22:4, 22:5 and 22:6) are not present in the diet, these can be synthesized from EFAs. Also, based on the results of studies which stated that 20:5 and 22:5ω3 in fish can be changed to 22:6 (Sellner & Hazel, 1982; Koven et al., 1993) , we can state that 20:5, which is present in high levels in the diets, can be changed into 22:5 and 22:6 in the tissues of developing fish.
Salmon eggs, like eggs of most other fish species, are rich in PUFA. The importance of this high PUFA content is two-fold:
(i) First, long-chain fatty acids contribute to the fluidity of the membranes which may be prerequisite for maintaining normal cell functions at the low winter temperatures encountered in most salmon spawning rivers. 22:6 is of major importance in this respect. Also the importance of 22:6 in the development of the nervous system is essential.
(ii) Second, these fatty acids are precursors of prostaglandins, leukotrienes and thromboxanes in the eicosanoid metabolism. 20:4 and 20:5 fatty acids are of special interest in this context since the biological activity of the different families of prostaglandins depends on which of 20:4 or 20:5 is the precursor. 18:3 and 18:2 in PUFA can also function as secondary precursors via the fatty acid metabolism, being elongated and desaturated to 20:4 or 20:5 (Pickova et al., 1999) .
According to the present results, 20 and 22 carbon fatty acids play an important role in the develop-ment of O. mykiss. While they are not included at a sufficient level in diets, these results also show that O. mykiss can synthesize them from EFAs (18:2, 18:3). The most obvious changes in fatty acid levels in the transition from the embryonic stage to the yolk-sac stage and the transition from the 43-day old yolk-sac stage to the sac-absorption swim up stage were seen. In summary, it may be concluded that the 14:0, 16:0, 16:1, 18:0, 18:1, 18, 20 and 22 PUFAs are the principal fatty acids required during embryogenesis and all developmental stages of O. mykiss.
